Ocular following responses (OFRs) were elicited in monkeys at short latencies ($50 ms) by applying motion in the form of successive 1/4-wavelength steps to each of two overlapping vertical sine-wave gratings that had different spatial frequencies. In the first experiment, the two sine waves had spatial frequencies in the ratio 3:5 and moved in opposite directions. The initial OFRs showed a highly nonlinear dependence on the relative contrasts of the competing sine waves. On average, when the contrast of one was less than a third of that of the other then the one with the lower contrast became ineffective -as though suppressed -and the OFR was entirely determined by the sine wave of higher contrast: winner-takeall. In a second experiment, the two sine waves had spatial frequencies in the ratio 3:7 and moved in the same direction (though at different speeds). The initial OFRs again showed a highly nonlinear dependence on the relative contrasts of the competing sine waves, with a winner-take-all outcome when the contrasts of the two sine waves were sufficiently different. In both experiments, the nonlinear dependence on the relative contrasts of the competing sine waves was well described by a contrast-weighted-average model with just two free parameters. These findings were very similar to those of [Sheliga, B.M., Kodaka, Y., FitzGibbon, E.J., Miles, F.A., 2006c. Human ocular following initiated by competing image motions: evidence for a winner-take-all mechanism. Vision Res. 46, 2041Res. 46, -2060 on the human OFR, indicating that the monkey is a good animal model for studying the nonlinear interactions that emerge when competing motions are used. #
Introduction
In primates, sudden movements of the visual scene elicit ocular following responses with ultra-short latencies: <75 ms in humans (Gellman et al., 1990; Sheliga et al., 2005a,b) and <60 ms in monkeys (Miles et al., 1986; Miura et al., 2006) . It is generally believed that there are at least two different neural mechanisms by which primates analyze visual motion: one utilizes low-level motion detectors that are sensitive to firstorder luminance modulation and the other(s) utilizes higher level mechanisms that are sensitive to features (Cavanagh and Mather, 1989) . Recent findings strongly suggest that the initial OFRs of humans (Chen et al., 2005; Sheliga et al., 2005a Sheliga et al., , 2006a and monkeys (Miura et al., 2006) are mediated by the low-level mechanism. Much of the initial evidence for this came from studies using a special broadband stimulus, the socalled missing fundamental (mf), which indicated that the initial OFRs depended critically on the Fourier composition of the motion stimulus (Sheliga et al., 2005a (Sheliga et al., , 2006c Miura et al., 2006) . The mf stimulus is a square wave that lacks the fundamental, so that in the frequency domain it consists of summed odd harmonics, the largest being the 3rd and the ith harmonic having an amplitude proportional to 1/i. A special property of this stimulus, first recognized by Adelson (1982) , is that when shifted 1/4 of its wavelength, all of its harmonics each shift 1/4 of their respective wavelengths, the 4n + 1 harmonics (where n is an integer) shifting in the direction of the actual image motion (i.e., forwards, along with the entire pattern and 
